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Abstract
We investigate the muon anomalous magnetic moment in the context of the supersymmetric
version of the economical 3-3-1 model. We compute the 1-loop contribution of super-partner
particles. We show that the contribution of superparticle loops become significant when tan γ is
large. We investigate for both small and large values of tan γ. We find the region of the parameter
space where the slepton masses are of a few hundreds GeV is favoured by the muon g− 2 for small
tan γ (tan γ ∼ 5). Numerical estimation gives the mass of supersymmetric particle, the mass of
gauginos mG ∼ 700 GeV and light slepton mass mL˜ is of order O (100) GeV. When tan γ is large
(tan γ ∼ 60), the mass of charged slepton mL˜ and the mass of gauginos mG ∼ O(1) TeV while the
mass of sneutrino ∼ 450 GeV is in the reach of LHC.
∗ dtbinh@iop.vast.ac.vn
† dthuong@iop.vast.ac.vn
‡ hnlong@iop.vast.ac.vn
1
I. INTRODUCTION
The muon magnetic dipole moment (MDM), written in terms of aµ =
gµ−2
2
, is one of
the most highly measured quantity in particle physics. The current discrepancy between
experimental value and that predicted by Standard Model (SM) ∆aµ = a
(exp)
µ − a(SM)µ is
3.6σ [1]. This discrepancy demands an explanation. Efforts in both the experimental and
theoretical fronts are taking to address this issue. On the theoretical front, there are models
of new physics. One of these models is the class of SU(3)C ×SU(3)L×U(1) (3-3-1) models
[2]-[14]. In this class of models, the SU(2)L gauge symmetry group is extended to SU(3)L
and has some intriguing features: They can give of the generation number problem; dark
matter; small neutrinos mass and their mixing and some problems of the Early Universe
[15]. Among the 3-3-1 models, there is one version called the economical 3-3-1 model (E331).
The economical 3-3-1 model [14] is a model with just two Higgs triplet. The Higgs sector
in the E331 model is very simple and consists of two massive neutral Higgs scalars, one
massive charged Higgs and eight Goldstone bosons. Because of the expansion of the gauge
group, the 3-3-1 models contain new particles such as new Higgs, new gauge bosons as well
as new fermions. Due to the interactions of the muon with some new heavy particles, the
3-3-1 models can give new contribution to the muon MDM. The muon MDM problem is also
investigated in this class of models [16]- [19]. However this class of models cannot probably
explain the (g − 2)µ anomaly if the SU(3)L symmetry breaking scale is larger than O(1)
TeV [20, 33].
Supersymmetry (SUSY) is one of the most promising candidates of the new physics
beyond Standard Model. In SUSY models, the Higgs sector is very constrained and the
quadratic divergences are cancelled out and hence offer a solution to the naturalness problem
[21]. In addition, precision measurements of the gauge coupling constants strongly suggest
SUSY grand unified theory [22].
There are works in which the muon MDM is calculated in the framework of SUSY models
[23]. In minimal supersymmetric standard model (MSSM) [24], the SUSY contribution is
proportional to tan β which is the ratio of the vacuum expectation values of two Higgs fields
and suppression factor
(
mµ
MSUSY
)2
. If tan β is large then aSUSYµ can be as large as ∆aµ [1] or
if low energy SUSY exits, the SUSY contribution to the muon g − 2 can be large enough
to address the muon MDM anomaly provided the masses of supersymmetry particle, order
2
O (100 GeV) or O(TeV), which are in the reach of the LHC. Thus the muon MDM can be
possibly originated from SUSY contributions.
It is natural to investigate the muon MDM in the SUSY version of the 3-3-1 models. In
this work we will investigate the muon MDM in the framework of the supersymmetric version
of the economical 331 model (SUSYE331). The SUSY version of the economical 3-3-1 model
(SUSYE331) was proposed in [26]. In the SUSYE331 model the region of parameter space
can be expanded comparing to that of the MSSM. The works given in [27, 28] showed that
the interested region of parameter space to study the LFV decay process can be expanded
to the limit of the small value of tan γ and the slepton mass of at least one generation can
be taken in the O(100) GeV energy scale.
We will first derive the analytical expressions for all one-loop contributions coming from
the SUSYE331 and show that the contribution of the SUSYE331 model to the muon MDM
is proportional to the values of tan γ and inverse proportional to the values of the slepton
masses. We will show the magnitude of contribution to the muon MDM for each choice
of the value of the tan γ. Because of appearance of new particles in the SUSYE331, we
expect finding the interested region of the SUSY parameter space in the limit of the small
tan γ. We are particularly interested in exploring some numerical results of the SUSYE331
contribution to the muon MDM in the limits where SUSYE331 slepton and gaugino masses
are of order TeV and small values of tan γ.
The paper is organized as follows. In section 2 we will briefly review the SUSYE331
model. In section III and IV we will go through the neutralinos and charginos sectors of
the model. Section V and VI are devoted for diagonalizing the mass matrix of the smuon,
sneutrino and the muon-chargino-sneutrino interaction. In section VII we will calculate the
muon MDM in the weak eigenstate. Section VIII is devoted for numerical calculation and
bounds on masses. We will summarize our results in section IX.
II. A REVIEW OF THE MODEL
In this section we first recapitulate the basic elements of the supersymmetric economical
3-3-1 model [26]. The superfield content in this paper is defined as follows:
F̂ = (F˜ , F ), Ŝ = (S, S˜), V̂ = (λ, V ), (1)
3
where the components F , S and V stand for the fermion, scalar and vector fields while their
superpartners are denoted as F˜ , S˜ and λ, respectively.
The superfield content of the model with ananomaly-free fermionic content transforms
under the 3-3-1 gauge group as
L̂aL =
(
ν̂a, l̂a, ν̂
c
a
)T
L
∼ (1, 3,−1/3), l̂caL ∼ (1, 1, 1),
Q̂1L =
(
û1, d̂1, û
′)T
L
∼ (3, 3, 1/3),
ûc1L, û
′c
L ∼ (3∗, 1,−2/3), d̂c1L ∼ (3∗, 1, 1/3),
Q̂αL =
(
d̂α,−ûα, d̂′α
)T
L
∼ (3, 3∗, 0), α = 2, 3,
ûcαL ∼ (3∗, 1,−2/3) , d̂cαL, d̂′cαL ∼ (3∗, 1, 1/3) ,
where the values in the parentheses denote quantum numbers based on (SU(3)C , SU(3)L,
U(1)X) symmetry. ν̂
c
L = (ν̂R)
c and a = 1, 2, 3 is a generation index. The primes superscript
on usual quark types (u′, d′ with the electric charge qu′ = 2/3 and d′ with qd′ = −1/3)
indicate that those quarks are exotic ones.
The two superfields χ̂ and ρ̂ are introduced to span the scalar sector of the economical
3-3-1 model [14]:
χ̂ =
(
χ̂01, χ̂
−, χ̂02
)T ∼ (1, 3,−1/3),
ρ̂ =
(
ρ̂+1 , ρ̂
0, ρ̂+2
)T ∼ (1, 3, 2/3).
To cancel the chiral anomalies of higgsino sector, two extra superfields χ̂′ and ρ̂′ must be
added as follows
χ̂′ =
(
χ̂′01 , χ̂
′+, χ̂′02
)T ∼ (1, 3∗, 1/3),
ρ̂′ =
(
ρ̂′−1 , ρ̂
′0, ρ̂′−2
)T ∼ (1, 3∗,−2/3).
In this model, the SU(3)L ⊗ U(1)X gauge group is broken via two steps:
SU(3)L ⊗ U(1)X w,w
′−→ SU(2)L ⊗U(1)Y v,v
′,u,u′−→ U(1)Q, (2)
where the VEVs are defined by
√
2〈χ〉T = (u, 0, w) ,
√
2〈χ′〉T = (u′, 0, w′) , (3)
√
2〈ρ〉T = (0, v, 0) ,
√
2〈ρ′〉T = (0, v′, 0) .
4
The VEVs w and w′ are responsible for the first step of the symmetry breaking while u, u′
and v, v′ are for the second one. Therefore, they have to satisfy the constraints:
u, u′, v, v′ ≪ w, w′. (4)
The vector superfields V̂c, V̂ and V̂
′ containing the usual gauge bosons are, respectively,
associated with the SU(3)C , SU(3)L and U(1)X group factors. The colour and flavour vector
superfields have expansions in the Gell-Mann matrix bases T a = λa/2 (a = 1, 2, ..., 8) as
follows
V̂c =
1
2
λaV̂ca, V̂ c = −1
2
λa∗V̂ca; V̂ =
1
2
λaV̂a, V̂ = −1
2
λa∗V̂a,
where the overbar − indicates complex conjugation. The vector superfields associated with
U(1)X are normalized as follows
XVˆ ′ = (XT 9)Bˆ, T 9 ≡ 1√
6
diag(1, 1, 1).
The gluons are denoted by ga and their gluino partners by λac , with a = 1, . . . , 8. In the
electroweak sector, V a and B stand for the SU(3)L and U(1)X gauge bosons with their
gaugino partners λaV and λB, respectively.
With the given superfields, the full Lagrangian is defined by Lsusy +Lsoft where the first
term is supersymmetric part, whereas the last term breaks the supersymmetry explicitly.
The interested reader can find more details about the Lagrangian in [26]. In the followings,
we only interest in terms relevant to our calculations.
III. THE NEUTRALINOS AND CHARGINO SECTORS
In the SUSYE331 the neutralinos are mixed by 11 × 11 matrix and the charginos are
mixed by 5 × 5 matrix. It is difficult to find the exactly mass eigenstate of these mixing
mass matrices. Hence, we have to find the approximation method.
A. The neutralino sector
The neutralino mass terms are given in [30] as follows:
L =
(
ψ˜o
)†
M
N˜
ψ˜o, (5)
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with
ψ˜o =
(
χ˜o1, χ˜
o′
1 , χ˜
o
2, χ˜
o′
2 , ρ˜
o
1, ρ˜
o′
1 , λB, λ3, λ8, λX =
λ4 + iλ5
2
, λX∗ =
λ4 − iλ5
2
)
and the mass matrix M
N˜
has the form as follows
M
N˜
=

0 −µχ 0 0 0 0 − g′u3√6 gu2 gu2√3 gw√2 0
−µχ 0 0 0 0 0 g′u′3√6 gu
′
2
gu′
2
√
3
gw′√
2
0
0 0 0 −µχ 0 − g′w3√6 0 − gw√3 0 gu√2
0 0 −µχ 0 0 0 g′w′3√6 0 −gw
′√
3
0 gu
′√
2
0 0 0 0 0 −µρ 2g′v3√6 −gv2 gv2√3 0 0
0 0 0 0 −µρ 0 −2g′v′3√6 −gv
′
2
gv′
2
√
3
0 0
− g′u
3
√
6
g′u′
3
√
6
− g′w
3
√
6
g′w′
3
√
6
2g′v
3
√
6
−2g′v′
3
√
6
mB 0 0 0 0
gu
2
gu′
2
0 0 −gv
2
−gv′
2
0 mλ3 0 0 0
gu
2
√
3
gu′
2
√
3
− gw√
3
−gw′√
3
gv
2
√
3
gv′
2
√
3
0 0 mλ8 0 0
gw
2
gw′
2
0 0 0 0 0 0 0 mλ45 0
0 0 gu
2
gu′
2
0 0 0 0 0 0 mλ45

, (6)
where mλ4 = mλ5 ≡ mλ45 .
In general, we can find a new basis in which the mass matrix M
N˜
has the diagonal form
by finding an unitary matrix N satisfied
N∗M
N˜
N † = Diag(m2
χ˜1
, m2
χ˜2
, m2
χ˜3
, m2
χ˜4
, m2
χ˜5
, m2
χ˜6
, m2
χ˜7
, m2
χ˜8
, m2
χ˜9
, m2
χ˜10
, m2
χ˜11
).
As have done in [30], we assume that
v, v′, u, u′, w, w′ ≪ |µρ −mB| , |µρ −mλ3 | , |µρ −mλ8 | , |µρ −mλ45 | (7)
and
v, v′, u, u′, w, w′ ≪ |µχ −mB| , |µχ −mλ3 | , |µχ −mλ8 | , |µχ −mλ45 | . (8)
In these limits, we get the neutralino mass eigenstates by using perturbation. At the first
6
order of the perturbation, we obtain the mixing matrix N such as:
N =

0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 1
0 0 0 0 1√
2
1√
2
0 0 0 0 0
0 0 0 0 1√
2
− 1√
2
0 0 0 0 0
1√
2
1√
2
0 0 0 0 0 0 0 0 0
1√
2
− 1√
2
0 0 0 0 0 0 0 0 0
0 0 1√
2
1√
2
0 0 0 0 0 0 0
0 0 1√
2
− 1√
2
0 0 0 0 0 0 0

,
and the mass eigenvalues as studied in [30].
B. Chargino sector
In the SUSYE331 model, there are four charged gauginos and six charged Higgsinos. In
the basis ψ+ = (λW˜+ , λY˜+, ρ˜1
+, ρ˜2
+, χ˜′+), ψ− = (λW˜−, λY˜−, ρ˜1
′−, ρ˜2
′−, χ˜−), the Lagrangian
describes the chargino mass terms is given as follows
Lcharginomass =
(
ψ˜±
)+
M
ψ˜
ψ˜± +H.c,
with the M
ψ˜
M
ψ˜
=
 0 M
MT 0
 ,
where M is 5× 5 matrix given by
M =

mλW 0
gv′√
2
0 gu√
2
0 mλY 0
gv′√
2
gw√
2
gv√
2
0 µρ 0 0
0 gv√
2
0 µρ 0
gu′√
2
gw′√
2
0 0 µχ

.
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In order to diagonalize charginos mass matrix, we have to find two unitary 5 × 5 matrices
U and V such that they satisfy
U∗MV † =

mλW 0 0 0 0
0 m2 0 0 0
0 0 µρ 0 0
0 0 0 m3 0
0 0 0 0 µρ

≡ Diag(m±χ1, m±χ2 , m±χ3 , m±χ4, m±χ5),
where
m2 =
1
4
[
2(µ2χ +m
2
λY
) + g2(w2 + w′2)
−
√
(2(µχ +mλY )
2 + g2(w − w′)2) (2(µχ −mλY )2 + g2(w + w′)2)
]
,
m3 =
1
4
[
2(µ2χ +m
2
λY
) + g2(w2 + w′2)
+
√
(2(µχ +mλY )
2 + g2(w − w′)2) (2(µχ −mλY )2 + g2(w + w′)2)
]
.
In order to find the matrices U, V we have to diagonalize the matrix M †M by finding the
matrix C such that it satisfies C†M †MC ≡ M2D, MD has a diagonal form. Meanwhile, the
shape of the matrices U and V are represented through the matrices U, V as follows
V † = C, U⋆ =M−1D C
†M †.
In the leading order mλW , mλY , µρ, µχ, w, w
′ ≫ u, u′v, v′, the matrix C has a form such as
C =

1 0 0 0 0
0 A√
1+A2
0 B√
1+B2
0
0 0 1 0 0
0 0 0 0 1
0 1√
1+A2
0 1√
1+B2
0

,
and the form of the matrix U∗ is
U∗ =

1 0 gv√
2mλW
0 gu
′√
2mλW
gu√
2(1+A2)2m2
2AmλY +
√
2gw
2
√
(1+A2)m2
0 gvA√
2(1+A2)m2
2µχ+
√
2Agw′
2
√
(1+A2)m2
gv′√
2µρ
0 1 0 0
gu√
2(1+B2)m3
2BmλY +
√
2gw
2
√
(1+B2)m3
0 Bgv√
2(1+B2)m3
2µχ+
√
2gw′B√
2(1+B2)m3
0 gv
′√
2µρ
0 1 0

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where
A =
1
2
√
2(mλY w + µχw
′)
(
2(µ2χ −m2λY ) + g2(w2 − w′2)
+
√
−4(−2µχmλY + g2ww′)2 + (2(µ2χ +m2λY ) + g2(w2 + w′2))2
)
,
B =
1
2
√
2(mλY w + µχw
′)
(
−2(µ2χ −m2λY )− g2(w2 − w′2)
+
√
−4(−2µχmλY + g2ww′)2 + (2(µ2χ +m2λY ) + g2(w2 + w′2))2
)
.
IV. SMUON AND SNEUTRINO MASSES
The superpotential of the model under consideration relevant to the contribution of (g−
2)µ is given as follows:
W ′ = µ0aLˆaLχˆ
′ + µχχˆχˆ
′ + µρρˆρˆ
′ + γabLˆaLρˆ
′ lˆcbL + λaǫLˆaLχˆρˆ+ λ
′
abǫLˆaLLˆbLρˆ,
with µ0a, µρ and µχ have mass dimension, the other coefficients in W
′ are dimensionless and
λ′ab = −λ′ba.
Relevant soft breaking terms are obtained by
− LSMT = M2abL˜†aLL˜bL +m2ab l˜c∗aL l˜cbL +
{
M ′2a χ
†L˜aL + ηabL˜aLρ
′l˜cLb + υaǫL˜aLχρ
+ εabǫL˜aLL˜bLρ + ωaαjL˜aLQ˜αLd˜
c
jL + ω
′
aαβL˜aLQ˜αLd˜
′c
βL +H.c.
}
, (9)
where εab = −εba. This Lagrangian is also responsible for sfermion masses. The sfermion
masses are obtained by combining of the soft terms, D-terms and F-terms. The interested
reader can see in [29]. In general, there are flavour mixing in slepton mass matrix. However,
the large flavour mixing in slepton sector can create a mismatch for the lepton flavor decay
processes of muon and tauon [27, 28]. In this work, we assume that the flavour mixing
matrix elements are not so large. We can ignore all the flavour mixing terms. The mass
matrix for smuon can be written as
Msmuon =
 m2µ˜L m2µ˜LR
m2
µ˜LR
m2
µ˜R
 , (10)
where
m2
µ˜L
= M222 +
1
4
µ202 +
g2
2
(
−H3 + 1√
3
H8 − 2t
2
3
H1
)
+
v′2
18
γ222 +
1
18
λ22(u
2 + w2), (11)
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m2
µ˜R
=
(
m222 +
v′2
18
γ222 + g
2t2H1
)
, (12)
m2
µ˜LR
=
1√
2
(
η22v
′ +
1
6
µργ2v
)
,
with
H3 = −1
4
(
u2
cos 2β
s2β
+ v2
cos 2γ
c2γ
)
, (13)
H8 =
1
4
√
3
[
v2
cos 2γ
c2γ
− (u2 − 2w2)cos 2β
s2β
]
, (14)
H4 = −1
2
uw
cos 2β
s2β
, (15)
H1 =
1
6
[
(u2 + w2)
cos 2β
s2β
+ 2v2
cos 2γ
c2γ
]
, (16)
and tanβ = u
u′
= w
w′
, tan γ = v
′
v
, sβ = sin β, cβ = cos β.
Diagonalizing the mass matrix given in Eq.(10), we can obtain the mass eigenvalues as
follows:
m2
µ˜L
=
1
2
(
m2
µ˜L
+m2
µ˜R
−∆
)
, (17)
m2
µ˜R
=
1
2
(
m2
µ˜L
+m2
µ˜R
+∆
)
, (18)
where ∆ =
√(
m2
µ˜L
−m2
µ˜R
)2
+ 4m4
µ˜LR
.
The mass eigenstates are given, respectively µ˜L
µ˜R
 =
 sθµ˜ −cθµ˜
cθ
µ˜
sθ
µ˜

 lµ˜R
lµ˜L
 ≡ U−1
µ˜
 lµ˜R
lµ˜L

µ˜L = cθ
µ˜
lµ˜R − sθµ˜lµ˜L , (19)
µ˜R = sθ
µ˜
lµ˜R + cθµ˜
lµ˜L ,
with sθ
µ˜
= sin θµ˜, cθ
µ˜
= cos θµ˜ and the θµ˜ is defined through tan 2θµ˜ as follows: tan 2θµ˜ =
t2θ
µ˜
=
2m2
µ˜LR
m2
µ˜L
−m2
µ˜R
.
Next, We will study the muon sneutrino mass. If we ignore mixing among sneutrinos of
two first generations, the mass of the sneutrino mν˜µ has the form
m2ν˜µL = M
2
22 +
1
4
µ202 +
g2
2
(
H3 +
1√
3
H8 − 2t
2
3
H1
)
+
1
18
v2(λ22 + 4λ
′2
c2) +
1
18
λ22w
2, (20)
m2ν˜µR = M
2
22 +
1
4
µ202 − g2
(
1√
3
H8 +
t2
3
H1
)
+
1
18
v2(λ22 + 4λ
′2
c2) +
1
18
λ22u
2. (21)
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V. MUON NEUTRALINO SMUON AND MUON CHARGINO SNEUTRINO
VERTICES.
The interaction terms contain the lepton neutralino slepton and lepton chargino sneutrino
vertices are given as follows:
L
l˜lV˜
= − ig√
2
(
LλaL˜λ
a
V − L˜λaLλaV
)
− ig′
√
1
3
[
−1
3
(LL˜λB − L˜LλB) + (lcl˜cλB − l˜
c
lcλB)
]
,
(22)
L
l˜lH˜
= −λ1ab
3
(
Laρ˜
′l˜cb + L˜aρ˜
′lcb
)
− λ3ab
3
(
Laρ˜L˜b + L˜aρ˜Lb
)
+H.c. (23)
We would like to remind that the lepton number is conserved in the lepton sector at the
tree level and λ3ab are antisymmetric with a and b leading to the vanish of couplings λ1ab, λ3ab
if a equals to b. We use the notations Yµ =
λ122
3
as given in [28]. Expanding the Eqs. (22) and
(23), we rewrite only the muon-neutralino-smuon and muon-chargino-sneutrino interaction
terms. All relevant terms are given as
L
µµ˜V˜
= µL(
ig′
3
√
3
λB +
ig√
2
(λ3A −
1√
3
λ8A))µ˜L − µL(
ig′
3
√
3
λB +
ig√
2
(λ3A −
1√
3
λ8A))µ˜
∗
L
− i g
′
√
3
(µ¯cµ˜cλ¯B − µ˜cµcλB)− ig
(
µLW˜
+ν˜µL − µLW˜+ν˜∗µL
)
+ ig
(
µLY˜
+ν˜µL − µLY˜ +ν˜∗µL
)
. (24)
L
µµ˜H˜
= −Yµ{µLµ˜cLρ˜′o + µ˜Lρ˜′oµcL + ν˜µLρ˜′−1 µcL + ν˜cµLρ˜′−2 µcL}+H.c. (25)
The Eqs. (24), (25) can be written in the physical states as follows:
Lµµ˜χi =
∑
iA
µ(PRN
R
χiµ˜A
+ PLN
L
χiµ˜A
)µ˜Aχi +
∑
jB
µ(PRC
R
χj ν˜B
+ PLC
L
χj ν˜B
)χ+j ν˜A +H.c, (26)
where
NL
χiµ˜A
=
(
ig′
3
√
3
N∗7i +
ig√
2
N∗8i −
ig√
6
N∗9i
)
× (Uµ˜)LA − YµN∗6i(Uµ˜)RA,
NR
χiµ˜A
= − ig
′
√
3
N∗7i(Uµ˜)RA − YµN∗6i(Uµ˜)LA,
CL
χj ν˜B
= −ig (V1j(Uν)LB + V2j(Uν)RB) ,
CR
χj ν˜B
= −Yµ(U3j(Uν)LA + U4j(Uν)RA).
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VI. THE SUSY CONTRIBUTION TO THE MUON MDM
The amplitude for the photon-muon-muon coupling in the zero limit of the momentum
of photon can be written as:
Mfi = ieu
[
γα + aµ
iσαβqβ
2mµ
]
uAα
The magnetic dipole moment aµ can be calculated in both mass eigenstate and weak
eigenstate. However in the next section the magnetic dipole moment will be evaluated in
the weak eigenstate, since in this basis the dependence of aµ on SUSY parameters is more
reveal than in mass eigenstate basis.
The SM prediction of the muon anomalous magnetic moment has been given in [31]
aSMµ = 116591803(1)(42)(26)× 10−11
The recent E821 experiments [32] have measured and take into account correlations be-
tween systematic errors one finds
aE821µ = 116592091(54)(33)× 10−11
= (116592091± 63.3)× 10−11
Hence
∆aµ(E821− SM) = 288(63)(49)× 10−11
= (288± 80)× 10−11
Then we have ∆aµ are 3.68 × 10−9 and 2.08 × 10−9 with the differences 3.6σ and 2.0σ,
respectively.
A. Mass eigenstate
The effect of supersymmetry on aµ includes loops with charginos and neutralinos. The
one-loop contributions to aµ [23], including the effects of possible complex phase, are:
∆aχ
0µ˜
µ = mµ
∑
iA
{
−mµ(|NLχiµ˜A |2 + |NRχiµ˜A |2)m2µ˜A × J5(m2χi, m2µ˜A, m2µ˜A, m2µ˜A, m2µ˜A)
12
+ mχiRe(N
L∗
χiµ˜A
NRχiµ˜A)J4(m
2
χi
, m2χi, m
2
µ˜A, m
2
µ˜A)
}
=
1
16π2
mµ
∑
iA
{
− mµ
6m2µ˜A(1− xχiA)4
(|NLχiµ˜A |2 + |NRχiµ˜A |2)× (1− 6xχiA + 3x2χiA
+ 2x3χiA − 6x2χiA ln xχiA)−
mχi
m2µ˜A(1− xχiA)3
Re(NL∗χiµ˜AN
R
χiµ˜A
)
× (1− x2χiA + 2xχiA ln xχiA)
}
,
∆aχ
±ν˜
µ = mµ
∑
i
[
mµ(|CLχiν˜ |2 + |CRχiν˜ |2)× {m2ν˜J5(m2χ±i , m
2
χ±
i
, m2
χ±
i
, m2
χ±
i
, m2ν˜)
+ J4(m
2
χ±i
, m2
χ±i
, m2
χ±i
, m2
χ±i
),−J4(m2χ±X , m2χ±X , m2χ±Xm2ν˜)}
− 2mXRe(CL∗χiν˜CRχiν˜)J4(m2χ±i X , m
2
χ±i X
, m2
χ±i X
, m2ν˜)
]
=
1
16π2
mµ
∑
i
{
mµ
3m2ν˜(1− xχ±i )4
(|CLχiν˜ |2 + |CRχiν˜ |2)
×
(
1 +
3
2
xχ±
i
− 3x2
χ±i
+
1
2
x3
χ±i
+ 3xχ±
i
ln xχ±
i
)
− 3mχ±
m2ν˜(1− xχ±i )3
Re(CL∗χiν˜C
R
χiν˜
)
(
1− 4
3
xχ±i
+
1
3
x2
χ±
i
+
2
3
ln xχ±i
)}
, (27)
where xχ±i
= m2
χ±i
/m2ν˜ , xχiA = m
2
χi
/m2µ˜A.
Based on the contributions of SUSYE331 to the muon MDM given in the Eqs. (27),
(27), it is hard to see the effects of the SUSYE331 parameter space to the muon MDM,
in particular, the role of tan γ. To assess the effects of SUSYE331 parameter space to the
muon MDM, it is convenient to use the mass insertion method to calculate the diagrams.
In next part, let us consider the muon MDM based on the weak eigenstate.
B. Weak eigenstate
In this section, let us consider the SUSY contribution to the muon MDM by using the
mass insertion method to calculate the diagrams in Fig. 12,13,14. The contributions to aµ
can be separated into six parts: aSUSY E331µ = a
(a)
µL + a
(a)
µR + a
(b)
µL + a
(b)
µR + a
(c)
µL + a
(c)
µR, where
diagrams involving each part are expressed in three Figs.12, 13 and 14. Their contributions
are given as follows:
a
(a)
µL = −
g2m2µ
8π2
m2l˜L2c2L
3
J5(m
2
λ, m
2
l˜L2
, m2
l˜L2
, m2
l˜L2
, m2
l˜L2
)
− m
2
λc
2
νL
2
J5(m
2
λ, m
2
λ, m
2
λ, m
2
λ, m
2
ν˜L2
)
]
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+
g2c2νRm
2
µ
8π2
m2λ
2
J5(m
2
λ, m
2
λ, m
2
λ, m
2
λ, m
2
ν˜R2
)
− g
′2c2Lm
2
µ
8π2
m2
l˜L2
54
J5(m
2
B, m
2
l˜L2
, m2
l˜L2
, m2
l˜L2
, m2
l˜L2
)
+
(
L2 → L3, R2 → R3, c2L → s2L, c2νR → s2νR
)
, (28)
a
(a)
µR = −
g′2c2Rm
2
µ
8π2
m2
l˜R2
6
J5(m
2
B, m
2
l˜R2
, m2
l˜R2
, m2
l˜R2
, m2
l˜R2
) +
(
R2 → R3, c2R → s2R
)
, (29)
a
(b)
µL =
g2c2νLm
2
µ
8π2
m4ν˜L2I5(m
2
λ, µ
2
ρ, m
2
ν˜L2
, m2ν˜L2, m
2
ν˜L2
)
+
g2c2νRm
2
µ
8π2
m4ν˜R2I5(m
2
λ, µ
2
ρ, m
2
ν˜R2
, m2ν˜R2, m
2
ν˜R2
)
− g
2c2νLm
2
µ
8π2
mλ µρ tan γ
[
J5(m
2
λ, m
2
λ, µ
2
ρ, µ
2
ρ, m
2
ν˜L2
) + J5(m
2
λ, m
2
λ, m
2
λ, µ
2
ρ, m
2
ν˜L2
)
+ J5(m
2
λ, µ
2
ρ, µ
2
ρ, µ
2
ρ, m
2
ν˜L2
)
]
− g
2c2νRm
2
µ
8π2
mλ µρ tan γ
[
J5(m
2
λ, m
2
λ, µ
2
ρ, µ
2
ρ, m
2
ν˜R2
)
+ J5(m
2
λ, m
2
λ, m
2
λ, µ
2
ρ, m
2
ν˜R2
) + J5(m
2
λ, µ
2
ρ, µ
2
ρ, µ
2
ρ, m
2
ν˜R2
)
]
+
g2c2Lm
2
µ
8π2
m2
l˜L2
2
3
[
J5(m
2
λ, µ
2
ρ, m
2
l˜L2
, m2
l˜L2
, m2
l˜L2
)
− mλ µρ tan γ I5(m2λ, µ2ρ, m2l˜L2 , m
2
l˜L2
, m2
l˜L2
)
]
− g
′2c2L2m
2
µ
8π2
m2
l˜L2
2
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[
J5(m
2
B, µ
2
ρ, m
2
l˜L2
, m2
l˜L2
, m2
l˜L2
)
− mB µρ tan γ I5(m2B, µ2ρ, m2l˜L2 , m
2
l˜L2
, m2
l˜L2
)
]
+ [L2 → L3, R2 → R3, c2L → s2L, c2νR → s2νR, c2νL → s2νL], (30)
a
(b)
µR = −
g′2c2Rm
2
µ
8π2
m2
l˜R2
2
9
[
−J5(m2B, µ2ρ, m2l˜R2 , m
2
l˜R2
, m2
l˜R2
)
+ mB µρ tan γ I5(m
2
B, µ
2
ρ, m
2
l˜R2
, m2
l˜R2
, m2
l˜R2
)
]
+ [R2 → R3, c2R → s2R]. (31)
a
(c)
µLR =
g′2m2µ
8π2
m3B
9
[(
mτ
mµ
[
c2RsLcLA
R
µτ +sRcRc
2
LA
L
µτ + sRcRsLcL
(
Aτ +
µρ tan γ
2
)]
+ c2Rc
2
L
[
Aµ +
µρ tan γ
2
])
I5(m
2
B, m
2
B, m
2
B, m
2
l˜L2
, m2
l˜R2
)
+
(
mτ
mµ
(
−c2RsLcLARµτ + sRcRs2LALµτ − sRcRsLcL
[
Aτ +
µρ tan γ
2
])
+ c2Rs
2
L
[
Aµ +
µρ tan γ
2
])
I5(m
2
B, m
2
B, m
2
B, m
2
l˜L3
, m2
l˜R2
)
+
(
mτ
mµ
(
s2RsLcLA
R
µτ − sRcRc2LALµτ − sRcRsLcL
[
Aτ +
µρ tan γ
2
])
+ s2Rc
2
L
[
Aµ +
µρ tan γ
2
])
I5(m
2
B, m
2
B, m
2
B, m
2
l˜L2
, m2
l˜R3
)
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+(
mτ
mµ
[
−s2RsLcLARµτ − sRcRs2LALµτ + sRcRsLcL
(
Aτ +
µρ tan γ
2
)]
+ s2Rs
2
L
[
Aµ +
µρ tan γ
2
])
I5(m
2
B, m
2
B, m
2
B, m
2
l˜L3
, m2
l˜R3
)
]
, (32)
where sL, cL and sR, cR are the mixing angles that related between flavour states µ˜L, τ˜L, µ˜
c
L, τ˜
c
L
and the mass states l˜L2, l˜L3 , l˜R2 , l˜R3, namely
µ˜L = cLl˜L2 − sLl˜L3 , τ˜L = sL l˜L2 + cL l˜L3,
µ˜cL = cR l˜R2 − sRl˜R3 , τ˜ cL = sR l˜R2 + cRl˜R3 .
with cL = cos θL, sL = sin θL, cR = cos θR, sR = sin θR. Aµ, A
L,R
µτ are the couplings of the
smuon-smuon-neutral Higgs, smuon-stauon-neutral Higgs, respectively. More details on the
symbol, an interested reader can see in [27].
VII. NUMERICAL CALCULATION
The full parameter space of the SUSYE331 model contains dozens of parameters however
we can classify in categories: B/µ-term: µρ; the ratio of two vacua: tan γ; gauginos mass
mB, mλ; right-handed slepton mass: ml˜R2
, mν˜R2 , ml˜R3
,mν˜R3 ; left-handed slepton mass:
ml˜L2
, mν˜L2 , ml˜L3
,mν˜L3 ; mixing terms: Aµ, Aτ , A
L
τµ, A
R
τµ. To simplify our calculation we can
first make a rough estimation by taking the limit of mL˜, mB, mλ, µρ to mSUSY and since
Aτ , and A
L,R
µτ are non-diagonal terms in mixing matrix meaning Aτ , and A
L,R
µτ are very small
then we can approximate Aτ = A
L,R
µτ = 0.
In this limit, the analytical expressions (28),(29),(30),(31),(32) can be written simply as
follows
a
(a)
µL = −
1
18
g2
8π2
m2µ
m2SUSY
+
1
54
1
12
g′2
8π2
m2µ
m2SUSY
,
a
(a)
µR =
1
6
1
12
g′2
8π2
m2µ
m2SUSY
,
a
(b)
µL =
1
12
g2
4π2
m2µ
m2SUSY
+
1
4
g2
4π2
m2µ
m2SUSY
sign(µρ) tan γ − 1
12
2
3
g2
8π2
m2µ
m2SUSY
(1 + sign(µρ) tan γ)
+
1
12
4
27
g′2
8π2
m2µ
m2SUSY
(1 + sign(µρ) tan γ),
a
(b)
µR = −
1
12
2
9
g′2
8π2
m2µ
m2SUSY
(1 + sign(µρ) tan γ),
a
(c)
µLR =
1
12
1
9
g′2
8π2
m2µ
m3SUSY
Re
[
Aµ +
mSUSY sign(µρ) tan γ
2
]
.
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If we assume Aµ = 0 then summing all above terms we have
∆atotalµ = −
1
36
g2
8π2
m2µ
m2SUSY
+
1
108
g′2
8π2
m2µ
m2SUSY
+
4
9
g2
8π2
sign(µρ) tan γ
m2µ
m2SUSY
+
1
648
g′2
8π2
sign(µρ) tan γ
m2µ
m2SUSY
. (33)
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FIG. 1: ∆aµ plot against MSUSY
First let us numerically estimate ∆aµ by using the Eq.(33). From Eq. (33) we can
conclude that ∆aµ is the same sign with sign(µρ). In Fig. 1 we plot the discrepancy of the
muon MDM between experimental data and that predicted by the SM. For our convenience
we have scale up the value of MDM by factor of 108 through out this paper. The shade
region is 1.6 σ difference with upper bound and lower bound are 2.0−3.6 σ, respectively. The
muon MDM is investigated with different values of tan γ = 1, 5, 10, 20, 40, 60. As we can see
that to explain the ≥ 3.6σ difference the mass of supersymmetric particle can be as small
as ≈ 75 GeV provided a value of tan γ = 1. This is because in the SUSYE331 model, the
number of new particles is increased comparing to the MSSM. Therefore the contribution
to the total value of MDM is large even in the case of small tan γ. When tan γ is large
(tan γ=60) the mass of the SUSY particle mSUSY is limited to 900 GeV in order to address
the 2.0 σ discrepancy. As pointed out in [33] the simple extended of gauge symmetry model
of the SM cannot address the problem of MDM because of the dampened term
m2µ
M2
NP
where
MNP is the mass of the new physics particle. However in the supersymmetric version of the
3-3-1 model, the contribution to the MDM of the new particle is enhanced with a factor of
the ratio of two vacuum tan γ. Therefore the issue of the MDM can be addressed with an
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suitable value of tan γ.
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FIG. 3: ∆aµ plotted against µρ and mG
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π
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Next, we show the SUSYE331 contribution to the muon MDM by using the analytical
expressions (28)-(32) and fixing the value of tan γ and slepton masses. We have assumed
that ml˜2 = ml˜L2
= ml˜R2
= mν˜L2 = mν˜R2 and ml˜3 = ml˜L3
= ml˜R3
= mν˜L3 = mν˜R3 . Mass
hierarchy between the second and the third generation is taken in to account. Since the
MSSM is embedded in the SUSYE331 then we can take the constraint on smuon mass [1]
where mass of smuon is greater than 91 GeV (ABBIENDI 04). We have approximated the
mass of the second generation ml˜2 = 100 GeV and other cases ml˜2 = 200 GeV while the
mass of the third generation ml˜3 about 1TeV. The results obtained in Fig. 1 show that if
the SUSY masses are fixed in 100 − 200 GeV, the values of tan γ equals 5 in order to fit
the experimental results. Hence we study the SUSY contribution to the muon MDM for
fixing values of slepton masses and in the mG and µρ plane. In Figs. 2 and 3 we plot the
results for tan γ = 5, bino and gauginos masses are assumed to be equal gauginos mass,
mB = mλ = mG. The mixing is assumed maximal, θL = θR =
π
4
, θνL = θνR =
π
4
. The results
given in Fig. 2 are plotted for ml˜2 = 100GeV, ml˜3 = 1 TeV while the results given in the
Fig. 3 are plotted for ml˜2 = 200GeV, ml˜3 = 1 TeV. We plot for both negative and positive
values of µρ. There is a slightly asymmetry in the graph which caused by terms which do
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not depend on µρ. We have imposed the condition of maximum value of |µρ| ≤ 1500 GeV
to avoid fine-tuning requirement for the Higgs potential. From Fig. 2 we can see that in
order to address the anomalous of the muon MDM data, the mass of the gauginos are in
the range of 200 ≤ mG ≤ 700 GeV and because of the set up of the masses, tan γ = 5 is
the minimum value to satisfy experimental discrepancy 2 − 3.6 σ. We can also learn that
the value of MDM is inverse proportional to the value of µρ. In the case when the mass of
the second generation is taken to be 200 GeV Fig. 3, the value of MDM merely reach 2.0 σ
anomaly of experimental data which set the upper bound of the second generation mass to
200 GeV given the mass of the third generation 1TeV and tan γ = 5. The results given in
Figs. 2 and 3 show that if we take a larger value of ml˜2 , the SUSYE331 contribution to the
muon MDM is enhanced in the small mG region.
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FIG. 5: ∆aµ plotted against µρ and mG
m
l˜2
= m
l˜L2
= m
l˜R2
= mν˜L2 = mν˜R2 ,
ml˜3 = ml˜L3
= ml˜R3
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Remember that the SUSYE331 contribution to the muon MDM is proportional to tan γ.
The results given in Fig.1 show that if the tan γ = 60, the interested mSUSY region is
[600, 800] GeV. We impose the upper bound for tan γ = 60 (ACHARD 04) [1]. Hence, we
numerically study the SUSYE331 contribution to the muon MDM in the case tan γ = 60
and the slepton mass hierarchy between the second and third family is retained. In Fig.4,
and Fig.5 we plot muon MDM on the mG and µρ plane with the same condition as above
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except the mass of the generation is taken to be 500 GeV for Fig. 4 and 800 GeV for Fig. 5
respectively and the mass of the third generation to be 2TeV. The result given in the Fig.4
show that the upper bound for mG = 1500 GeV and µρ = 1500 GeV. However the results
given in the Fig.5 set the upper bound formG = 1100 GeV and µρ = 1200 GeV, respectively.
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FIG. 6: ∆aµ plot against mL˜ and mR˜.
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FIG. 7: ∆aµ plot against mL˜ and mR˜.
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tan γ = 60, µρ = 140 GeV, mλ =2 TeV
Next we will take into account the current upper bound of the mass of Bino 350 GeV at
the mass of top quark 174 GeV based on CP violating phase [1]. We have set ml˜L2
= mν˜L2 =
ml˜L3
= mν˜L3 = mL˜ and ml˜R2
= mν˜R2 = ml˜R3
= mν˜R3 = mR˜ and tan γ = 60, µρ = 140 GeV.
The mass of other gauginos mλ is set to be 1 TeV (Fig.6) and 2 TeV (Fig.7). These figures
illustrate the effects of varying mL˜, mR˜ to the SUSYE331 contribution to the muon MDM.
Combining the muon MDM from experimental and the theoretical predicted given in the (6)
and (7), we obtain the interested region of the parameter space. Especially, the region of the
parameter space of mR˜ is very large mR˜ > 20 GeV while that of mL˜ is slightly constrained
and depends on the value of gaugino mass. If we fixed mλ = 1 TeV the results given in Fig.6
show the lower bound of mL˜ ≃ 400 GeV and there is no upper bound for mR˜. From Fig. 7
we can find the upper bound mass of the left slepton mL˜ ≤ 800 GeV.
Furthermore, by choosing the upper bound for the left-handed slepton mass above of
third generation ml˜L3 = ml˜R3 = mν˜L3 = mν˜R3 = 800 GeV and fixing tan γ = 60, µρ = 140
GeV, mB = 350 GeV, we plot the SUSYE331 contribution to the muon MDM on the plane
of ml˜L2 = mν˜L2 = mL2 , ml˜R2 = mν˜R2 = mR2 in Fig.8 and Fig.9. The results for the cases of
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mλ = 1 TeV and mλ = 2 TeV are shown in Fig.8 and Fig.9, respectively. Comparing with
the experimental results, we find the lower bound of the mL2 > 500 GeV for fixing mλ = 1
TeV and the upper bound for the mass of the left-handed slepton of the second generation
is 600 GeV for fixing mλ = 2 TeV. There is no bound of the right-handed slepton mass of
the second generation.
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FIG. 10: ∆aµ plot against mν˜L2 and mR˜2 .
θR = θL = 0 and θνR = θνL =
π
4 ,
tan γ = 60, µρ = 140 GeV,
mR3 = 800 GeV, mL˜2 = 600 GeV,
mB = 350 GeV, mλ = 1 TeV
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FIG. 11: ∆aµ plot against mν˜L2 and mR˜2 .
θR = θL = 0 and θνR = θνL =
π
4 ,
tan γ = 60, µρ = 140 GeV,
mR3 = 800 GeV, mL˜2 = 600 GeV,
mB = 350 GeV, mλ = 2 TeV
20
We have investigated the maximal mixing case in which θνR = θνL =
π
4
are related to
neutrino mixing and θR = θL =
π
4
are related to charge lepton mixing. Next, we will
investigate smaller case θR = θL = 0 and θνR = θνL =
π
4
. In Figs. 10 and 11 we have plotted
the MDM on the mν˜L2 and mR2 where we have used the above constraint formL˜2 = 600 GeV
and other parameters are fixed as: tan γ = 60, µρ = 140 GeV, mR3 = 800 GeV, mB = 350
GeV, mλ = 1 TeV for the left -side figure and mλ = 2 TeV for the right-side figure. The
mass of the sneutrino has to be smaller than 550 GeV to address 2 − 3.6 σ discrepancy if
mλ = 2 TeV. The lower bound of the right-handed slepton mass of the second generation is
around tens of GeV for fixing mλ = 1 TeV and is a hundred GeV for fixing mλ = 2 TeV.
VIII. CONCLUSIONS
In this paper we have examined in detail the muon g − 2 in the frame work of the
SUSYE331 model. We calculated one-loop SUSYE331 contributions to the muon MDM
based on both the mass eigenstate and the weak eigenstate methods. The mass eigenstates
of the neutralino and chargino are obtained using approximation method. To recognize
the effects of the SUSYE331 parameters to the muon MDM , we work with the analytical
expressions of the muon MDM based on the mass insertion method. We have considered
all parameters of SUSYE331 as free parameters. In our calculation we have made some
assumptions: maximal mixing, mixing terms Aτ , Aµ, and A
L,R
µτ are small and are neglected
in our calculation. In particularly, by taking the limit µρ, mλ, mL˜, mB to mSUSY we obtain
the reduced analytical expressions of the contribution of the SUSYE331 to the muon MDM.
Results show that the SUSYE331 contribution to the muon MDM is enhanced in the small
region of the mSUSY and the large values of the tan γ. We have investigated for both small
and large values of ratio of two vacua tan γ. The numerical results show that in order to
consist with the experimental bound of the muon MDM , the mSUSY ≃ 75 GeV for tan γ = 1
and mSUSY = 900 for tan γ = 60. On the other hand, we also investigated the SUSYE33
contribution to the muon MDM in the case of the mass hierarchy between the second and
the third generation. In the case which tan γ is small (tan γ = 5) and one generation of the
slepton mass is fixed at the O(1) TeV, the light slepton particle mass is bounded from 100
GeV to 200 GeV and ∆aµ can be comparable with the current limit on the muon MDM.
When tan γ is large (tan γ = 60) the mass of the light left-handed slepton particle is bound
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to 800 GeV . Finally, we would like to comment on the case with the maximal flavor mixing
only in the sneutrino sector, we obtain the upper bound of the mass of sneutrino is is 550
GeV. These values can be examined at LHC or furure collider ILC.
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X. APPENDIX SECTION
In this section we will define some integrals used in our calculation. The following integral
is defined in [34].
I(N)(νi; νj) ≡
∫
dDk
(k2 −m21)ν1 ...(k2 −m2N )νN
=
∫
dDk
ΠNj=1(k
2 −m2j )νj
In special case D = 4 and there are two masses, we have:
I(2)(ν1, ν2;m1, m2) = π
2i−3(−m2)2−ν1−ν2Γ(ν1 + ν2 − 2)
Γ(ν1 + ν2)
× 2F1(ν1 + ν2 − 2, ν1; ν1 + ν2; 1− m
2
1
m22
)
The loop integrals are defined as :
IN(m
2
1, ..., m
2
N) =
i
π2
∫
d4k
(k21 −m21)...(k21 −m2N )
,
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JN (m
2
1, ..., m
2
N) =
i
π2
∫
k2d4k
(k21 −m21)...(k21 −m2N)
.
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